Abstract-Nonlinear parabolic Burgers' equations arising in unsteady flow of the generalized Newtonian fluid are solved numerically by Orthogonal Collocation on Finite Elements using Hermite Basis. The technique is used for discretization along with the zeros of Chebyshev polynomial as collocation points. Results are compared with exact solution and error analysis is shown for different techniques used earlier for the solution of the Burger's equations.
I. INTRODUCTION
ONSIDER the one-dimensional Burgers' equation
with the initial condition ( ,0) ( ) U x f x  , a x b , (2) and the boundary condition 1 ( , ) ,
where 0   is the coefficient of kinematics viscosity, and 1  , 2  and () fx will be chosen in a later section. This is a nonlinear parabolic equation [1] and describes in a simple manner a balance between nonlinear convection and linear diffusion or dissipation. Burgers' equation is well-known to show shock formation. It is the 1D Navier-Stokes equation without the pressure term and the volume forces. Due to its similarity to the NavierStokes equation, Burgers' equation often arises in the mathematical modelling used to solve problems in fluid dynamics involving turbulence. Bateman [2] has first introduced Burgers' equation as worthy of study and gave its steady solutions. After that Burgers [3] simplified the NavierStokes equation by just dropping the pressure term. It was later treated as a mathematical model for turbulence and such an equation is widely referred to as Burgers' equation. Since then the equation has found applications in field as diverse as number theory, gas dynamics, heat conduction, elasticity, etc. However, Hopf [4] and Cole [5] property attributed to turbulence. The exact solutions of the one dimensional Burgers' equation have been surveyed by Benton and Platzman [6] . In many cases these solutions involve infinite series which may converge very slowly for small values of the viscosity coefficient  which correspond to steep wave fronts in the propagation of the dynamic waveforms. Many studies have been done on the numerical solutions of Burgers' equation to deal with solutions for the small values of  . A finite element method has been given by Caldwell et. al. [7] , to solve Burgers' equation by altering the size of the element at each stage. Moreover Caldwell and Smith [8] have discussed the comparison of a number of numerical approaches to the equation. Nguyen and Reynen [9] also suggested a space-time finite element method based on a least square weak formulation using piecewise linear shape functions. A kind of finite element method based on weighted residual formulation is given by Varo glu and Liam Finn [10] and demonstrated the high accuracy and the stability.
In the present work, the model equations are discretized using the technique of orthogonal collocation on finite elements with hermite basis. OCFE is used for approximating function, with zeros of shifted Chebyshev polynomials as collocation points. Solution and its principal derivatives over the subinterval are approximated. Placing nodal values and its derivatives in the Burgers' equation are resulting in system consisting of 1 n  equations for 3 n  parameters. The resulting system can be solved with MATLAB after the boundary conditions are applied. continuous; therefore the trial function and its first derivative are automatically continuous at the nodal points or at the boundaries of the elements.
II. NUMERICAL SCHEME

A. OCFE Using Hermite Basis
( ) 1 2 jj j j j j j x x x x Hx x x x x                  , 2 1 1, 1 11 ( ) 1 2 jj j j j j j x x x x Hx x x x x                   , 2 1 , 1 ( ) ( ) j i j j jj xx H x x x xx         
B. Collocation Points
Choice of the collocation points is an important and sensitive part of the orthogonal collocation method. In general, collocation points are taken to be the zeros of orthogonal polynomials like Legendre polynomial or Chebyshev polynomial. These polynomials are particular case of Jacobi polynomials, given as: ( 1)
( ) Chebyshev polynomial has the tendency to keep the error down to a minimum at the corners [11] . Therefore, the zeros of shifted Chebyshev polynomial have been used as collocation points in the radial domain, because the results are required at the corner in radial domain.
The m+2 interpolation points are chosen to be the extreme values of an (m+1) th order shifted Chebyshev polynomial:
The discretization end points are fixed as 0 and 1.
C. Discretization Using Approximating Function
The dimensionless form of the model equations along with boundary and initial conditions are discretized using the approximating function. The trial function is composed of value of the function and first derivative at each end in such a manner that three of these quantities are zero and fourth is one. In particular, for The theoretical solution of this problem was expressed as an infinite series by Cole [5] . For different viscosity parameters, a comparison of results for present work with the previous work [12, 13, 14, 15] at t = 0.1 for ν = 1, Δt = 0.00001, h = 0.0125, are presented in Table 1 . Error analysis comparison of results at t = 0.1 for  = 1, Δt = 0.00001, h = 0.0125 is shown in Table 2 . A comparison of present method is shown in Table 3 , with previous ones reported by [14, 15] . In Figure 3 , the error analysis comparison of results at t = 0.1 for  = 1, Δt = 0.00001, h = 0.0125 has presented.
B. Problem 2
The Eq. (1) with boundary conditions (13) Table 4 and its observed that results obtained by OCFE for using different types of collocation points (i.e zeros of shifted Chebyshev polynomial and zeros of shifted Legendre polynomial) with ν = 0.004, 0.005 at different x and t are better and shows near matching with exact solution.
3D graph of problem 2 is exhibited in figure 4 which reveals that as viscosity gets smaller, a very sharp front near the left boundary and the steepness of the solution increases sharply near the right boundary. This steepness is controlled by taking small step for space variable x.
IV. CONCLUSION
In this paper, the technique of orthogonal collocation on finite elements with Hermite basis. is presented to solve Burger's equation which illustrates the validity and accuracy of the given method. The OCFE with Hermite basis is inherently smoother than other methods available in literature. It has wide applicability to different engineering problems. 
